Abstract Forty patients with an average age of 26.5 years were treated for symptomatic low-grade isthmic spondylolisthesis with in situ instrumented posterolateral fusion. All patients had failed previous conservative treatment. Average follow-up was 42.2 months (range: 30-62 months). Low-back pain resolved in 70% of the patients, whereas 65% of those with radicular pain reported complete resolution of the symptoms. At the final follow-up 82.5% of the patients had improvement in their function. Solid fusion was achieved in 70% of the patients. It was uncertain in 10% and a fusion failure was seen in 20%. The anterior slippage as measured by the Taillard method was 31.55% and an average 35% correction was seen after surgery. However, an average 10% loss of correction was seen at the final evaluation. The clinical results were evaluated by Kim and Kim criteria. Satisfactory results were obtained in 65% of patients and this was closely associated with the rate of successful fusion. The results suggest that clinical outcome is closely related to the attainment of solid fusion and decompression or removal of the loose laminar fragment seems unnecessary in patients without major neurological symptoms.
Introduction
Isthmic spondylolisthesis is the most common spondylolytic disorders. It is one of the most common causes of low back pain and sciatica in adolescents and adults. In most cases symptoms are mild and respond to non-surgical options like activity modification, bracing, physical therapy, and intervention in the form of medications and injections and use of muscle relaxants and narcotics may be appropriate for managing initial acute pain [19] .
Several possible sources of pain in isthmic spondylolisthesis include instability at the defect causing lumbar strain and osteoarthritis, foraminal entrapment of a nerve root (chronic root traction, irritation and compression), disc herniation or disc degeneration at, above or below the slip, and hyperlordosis [9] . The pars non-union itself may be a source of pain. Also the late progression of slip in adults may turn an asymptomatic lesion into a symptomatic one.
The purpose of surgical treatment is to reduce low-back pain and radiating pain, to relieve the neurological symptoms, and to improve the posture and gait by eliminating the instability of the lumbosacral region [12] . A multitude of surgical procedures exists for operative treatment of this condition. The traditional surgical management of symptomatic spondylosis or isthmic lysthesis with minimum displacement has been posterior fusion, posterolateral fusion, decompression of loose laminar piece or a combination of these. Surgical procedures have also been described to fuse only the pars defect, but have mostly been recommended for patients below the age of 30 years.
Recently, anterior [12] or posterior [14] lumbar interbody fusion, instrumented reduction and repair of the defect [16] and muscle pedicle bone grafting for fusion of lumbosacral lysthesis have been described [1] . The advantages of decompression, as has been mentioned in some studies, in instrumented fusion has remained inconclusive [2] as has been the role of instrumentation to support the posterolateral fusion [4] .
The purpose of this study was to evaluate the efficacy of in situ instrumented posterolateral fusion without decompression in adults with low-grade isthmic spondylolisthesis in whom a fair trial of non-surgical options failed to yield a desirable outcome.
Materials and methods
The clinical data of 40 consecutive adult patients who had undergone operation for isthmic spondylolisthesis from April 2001 through September 2003 were reviewed. All patients had completed 2 years of follow-up. Plain radiographs, magnetic resonance imaging (MRI) and clinical records were reviewed. In plain radiographs, the degree of anterior displacement was evaluated by Meyerding's method and Taillard's [23] method.
Patients were considered for surgery only after a failure of non-surgical options that included non-steroidal antiinflammatory drugs, weight reduction, activity modification, muscle relaxants, narcotics, bracing and, in some cases, plaster of Paris jackets. The hemi-Bermuda cast was not used in the segregation and treatment of patients preoperatively. The patients with degenerative disease, failed previous surgery, MRI documented desiccated disc or nerve root compression were excluded from the study.
Patients with radiculopathy and documented neurological deficit were also excluded. Preoperative evaluation involved complete clinical, neurological, functional, radiographic and MRI evaluation. Patients were evaluated for pain and functional status by using the pain and function scale of Steffee et al. [22] . The average preoperative pain scale was 2 (range 1-3) and the average function score was 2.4 (2 to 3). Patients were said to have radicular pain if their extremity pain followed a dermatomal distribution. Patients with diminished reflexes, motor and sensory deficit and muscle wasting were said to have radiculopathy. In most cases pain was low lumbar, with or without radiation into one or both extremities. Most patients had limitations of lumbar movement. A palpable defect was elicited in most cases, but a mobile posterior element could only be palpated in a few patients.
Anteroposterior and standing lateral radiographs were obtained. The degree of anterior displacement was evaluated by Meyerding's method and Taillard's method. MRI was done to exclude disc disease or nerve root compression that would necessitate discectomy or decompression.
Operative procedure
Patients were operated upon in prone position on foam rubber cushions. A standard midline incision was made and subperiosteal dissection was extended up to the tips of transverse processes. Decortication of outer cortices of lamina, transverse processes and facet joints was used order to prepare a bed for fusion. Bone graft was harvested from either of the posterior iliac crests using the lower part of the same incision, and placed bilaterally on the previously prepared bed after the insertion of pedicle screws (Steffee VSP). The pedicle entry point was identified by Roy-Camille's technique. An awl was used to ream a canal into the pedicle and also to feel for any violation of its walls. The subsequent steps of tapping the posterior portion of the pedicle and placement of 5.5-mm-diameter 40-42-mm-length screws followed. Plates of adequate length were contoured to the lumbar curvature and secured on the screws by umbrella and locking nuts. Closure was done in layers over a sub-facial suction drain. Perioperative transfusion of cross-matched donor blood was performed in all cases. Parentral antibiotics were administered for 5 days. Patients were mobilised in most instances within 3 days. And patients were discharged on the 5th postoperative day. Postoperatively patients were encouraged to ambulate early with the help of a semi-rigid lumbosacral corset and were followed at regular intervals to note clinical (pain, function) and radiological parameters (fusion, loss of reduction, implant failures).
Patients were followed up every 3 months until 1 year after the operation, then every 6 months thereafter. At each visit clinical symptoms were recorded, physical examination was conducted, and radiographic assessment was made. The criteria for fusion were based on the radiological evidence of trabecular crossings and a fusion grade was assigned as per the Anatomic Grade of Massachusetts General Hospital Anatomic, Economic and Function rating system [5] ( Table 2) .
The correction rate of anterior displacement was measured by Taillard's method. The clinical results were evaluated by using the criteria of Kim and Kim [11] .
Results
A total of 160 pedicle screws were inserted. One level instrumentation was performed in all 40 patients. The operated segments included L5-S1 in 28 and L4-L5 in 12 patients.
The data on patients and variables is presented in Table 1 .
The average age of the patients was 26.5 years (range, 17-37 years). The study included 7 men and 33 women. The follow-up averaged 42.2 months (range 30-62 months).
The main symptom was low-back pain with radiating pain to the lower extremities. Nine patients had associated spina-bifida occulta. There was no difference in the clinical symptoms and physical findings between the males and females. Whereas all females were non-smokers, three men smokers stopped smoking at least 6 months before being considered for surgery.
The pars interarticularis defect was at L4 in 12 patients and L5 in 28 patients.
The degree of anterior displacement measured by Meyerding's method was grade I in 10 (25%) patients and grade II in 30 patients. The degree of anterior displacement by Taillard's method averaged 31.55% (range, 16-48%). Although no separate effort was made to reduce the spine during the operation, an average 35% (range, 15-50%) improvement in anterior displacement was seen in the postoperative radiographs. However, an average loss of reduction of 10% (range, 1-15%) was seen at the final follow-up.
The average postoperative pain score in our patients improved to 4.2 (range 35). The majority of the patients (60%) had a preoperative pain score of 1 (18%) or 2 (42%), i.e., severe and constant or moderate constant pain with severe intervals. All of these patients moved to a better grade, i.e., three grade improvement in 32% and two grade improvement in 12%. Only three patients did not show any improvement in their pain scale. Low-back pain resolved in 70% of the patients, whereas 65% of those with radicular pain reported complete resolution of the symptoms.
An overall improvement in function was seen as well. The average postoperative function score improved from a preoperative of 2.4 to 4. Twenty-three patients had near normal daily activity and the other 17 presented with significant limitation of daily activity before surgery. Most (82.5%) of the patients had improved when assessed at the final follow-up.
The fusion of the grafted bone was evaluated by the crossing of bony trabeculae detected on plain radiographs. Using the anatomical grade in fusion assessment an acceptable fusion (A3, A4) was achieved in 70% of patients. It was indeterminate (A2) in four (10%) and a failure of fusion was seen in eight (20%) cases (i.e., A1, A0).
As per Kim and Kim criteria, clinical results were excellent in 8 (20%), good in 18 (45%), fair in 5 (12.5%) and poor in 9 (22.5%) patients. Therefore, satisfactory results were obtained in 65% of the patients.
Twenty complications occurred in 17 patients and are depicted in Table 3 . Transient L5 paraesthesia in one patient recovered in early follow-up. The weakness of EHL in another, however, did not recover at all, though the postoperative CT scan revealed no pedicle violation. Deep infection was treated by appropriate antibiotics after culture sensitivity. Graft site pain did not recover fully in one of the three patients with this complication. Though 11 pedicle screw-related complications were seen in nine patients, none of these resulted in significant morbidity. There was 3.1% incidence of screw breakage, 1.8% screw bending and 0.6% incidence of screw loosening. Malplacement occurred in 1.2% of the 160 screws. Cases with screw breakage and bending had correspondingly lower grades of fusion progression (Table 3) .
Discussion
Posterolateral fusion has long been considered the gold standard technique for surgical treatment of adult spondylolisthesis [6] and is preferred by many in the treatment of low-grade symptomatic lesions. Currently, instrumented PLIF or ALIF or 360°circumferential fusions are probably the only alternatives that might yield better outcome than posterolateral fusion [24] . The clinical studies, however, have revealed no significant difference in outcome between anterior lumbar interbody fusion (ALIF) and posterior lumbar interbody fusion (PLIF) with transpedicular fixation for the treatment of isthmic spondylolisthesis in adults [12] . Similarly, posterolateral fusion has been reported to produce better clinical outcome in low grade isthmic spondylolisthesis (LGIS) as compared to PLIF [14] ; the latter has been reported to be useful in high grade spondylolisthesis requiring reduction [6] . Whereas posterolateral fusion has yielded satisfactory outcome in many clinical trials, resection of pseudoarthrosis and decompressing the root canal in an instrumented posterolateral fusion (PLF) for low-grade isthmic spondylolisthesis (LGIS) is claimed to improve outcome [16] . Ricciardi et al. [20] also reported a high rate of fusion, satisfactory clinical results and high return to work in instrumented PLF in combination with Gill's procedure and L5 nerve root decompression in symptomatic lumbosacral isthmic spondylolisthesis. The benefit of removal of loose fragment and decompression has been of no significance in comparative studies. Noorie et al. [18] compared the results of spinal decompression, stabilisation and fusion in 19 patients with 26 others who received stabilisation and fusion alone. They found no significant difference in the outcome between the two groups. Similarly another study revealed that decompression in addition to fusion in adults with LGIS and radicular pain does not improve the functional outcome [2] . We did not decompress the nerve canal or remove the loose fragment, and our clinical results are comparable with other studies. We concur with Carragee [3] in that addition of decompression to PLF performed with or without instrumentation for LGIS in patients who do not have a serious neurological deficit does not appear to improve the results and may significantly increase the rate of pseudarthrosis and unsatisfactory results. We also agree with Wiltse [25] , in that the typical nerve root compression in isthmic spondylolisthesis is the result of an irritation or compression effect caused by the mobility of the fibro-cartilaginous mass at the pars interarticularis defect. We believe that the initial relief in the symptoms may be due to the stabilisation effect of the internal fixation device, and permanent relief can be related to attainment of satisfactory fusion, and resorption of the ostocartilaginous mass may also contribute to the clinical improvement.
A fusion rate of 68-100% has been reported with posterolateral fusion in low grade isthmic spondylolisthesis. Accurate determination of fusion or pseudoarthrosis, however, has been an unresolved problem throughout the history of spinal surgery [22] , and in fact exploratory re-operation for fusion failure was recommended to repair pseudoarthrosis. Difficulty of assessing solid fusion in the presence of fixation is acknowledged [20] ; in addition the overlying shadows of plates add to the fusion uncertainty in the studies using VSP instrumentation [22] . We used radiographic criteria for fusion assessment and our fusion rate was 70%. Adding pedicle screw fixation to fusion has been reported to increase the rate of arthrodesis for low grade isthmic spondylolisthesis [20] , and also to improve clinical outcome [13] . But McGuire and Amundson [15] found no advantage in using instrumentation. Kim et al. [10] also noted no additional benefits from instrumentation. In fact the fusion rate in their instrumented patient was lower than those in the uninstrumented group. There is disagreement in the literature as to whether fusion correlates with clinical outcome in the treatment of lumbar spinal disorders [21] . A direct relationship between failure to achieve arthrodesis and unsatisfactory pain outcome was reported in a prospective study [15] . Some other studies have also reported a direct relationship between failure to achieve a satisfactory arthrodesis and an unsatisfactory outcome [7] . On the other hand Schnee et al. [21] reported good clinical results in only 60% of cases, though a 90% fusion rate had been achieved. They concluded that factors other than preoperative symptoms and radiographic fusion significantly influenced results. Objective assessment of clinical status in non-traumatic lumbar disorders remains elusive [22] . Numerous studies have provided subjective description of criteria for excellent, good, fair and poor results. Similarly various pain scores, visual analogues, pain and disability questionnaires are described. We used Kim and Kim criteria for final assessment of results because we found it to be simple and it had been used in a study comparing results of posterolateral fusion and posterior lumbar interbody fusion; our results showed a 68% satisfactory outcome and it is comparable to the 60-98% reported in the literature [8] . A strict comparison of results is, however, difficult because of differences in surgical procedures, types of bone grafts, choice of instrumentation, postoperative immobilisation, rehabilitation and smoking. The results of our study showed a close relation between satisfactory clinical outcome (68%) and solid fusion (70%).
Reduction of spondylolisthesis is not required in most cases of low-grade isthmic spondylolisthesis to effect a better outcome [24] ; in fact short segment posterior stabilisation (in situ fusion and fixation) is associated with a measurable reduction when used as the sole treatment [17] . Kim et al. [12] reported an overall correction of 35% in anterior displacement without any attempt at reduction. In our study, an average correction of anterior displacement of 35% was seen in the early postoperative period, though no separate attempt to reduce the slip was made. An average loss of correction of 10% was noted subsequently.
We conclude that the results in symptomatic low-grade isthmic spondylolisthesis in adults, with low back and radicular pain and without major neurological deficit, of in situ instrumented posterolateral fusion without decompression yield a satisfactory outcome in the majority of cases. Fusion is achieved in a large number of subjects and is closely related to the satisfactory outcome. There was however a significant number of patients with instrument failure that was found in association with fusion failure. There were other minor complications as well. 
